Introduction
Post-transplant lymphoproliferative disorder (PTLD) classically refers to the uncontrolled, neoplastic proliferation of plasmacytic or lymphoid cells as a well-recognized and potentially life-threatening complication of both solid-organ transplant (SOT) and hematopoietic stem cell transplant [1 , 2] . PTLD can be classified as early-onset (<1 year) or late-onset (>1 year) after transplant that can manifest as a highly invasive, malignant lymphoma [3] [4] [5] . In SOT recipients, the prolonged immunosuppression necessary to prevent allograft rejection produces deficits in cytotoxic T lymphocytes, which partly function in the downregulation of B-cell proliferation [6] . The resultant unchecked growth can lead to B-cell tumor formation. Epstein-Barr virus (EBV) infection disrupts the apoptotic pathway and upregulates survival signals of B cells; it is an independent risk factor for PTLD development that is potentiated by immunosuppression [7] . Additionally, the Keywords Central retinal artery occlusion · Optic nerve infiltration · Burkitt lymphoma · Leukemic central nervous system infiltration · Post-transplant lymphoproliferative disorder · Case report Abstract Background: Leukemic infiltration of the optic nerve is relatively rare. While previously described in acute leukemia, the infiltration in our case represents central nervous system (CNS) metastasis of Burkitt-type lymphoma that developed as a complication of solid-organ transplantation, resulting in a bilateral infiltrative optic neuropathy with sequential, bilateral central retinal artery occlusion (CRAO) and devastating vision loss. Methods: The medical record, serial ophthalmic examination findings, clinical course, and imaging including magnetic resonance imaging (MRI), fundus photographs, and fluorescein angiography of a single patient were retrospectively reviewed. Results: MRI demonstrated multifocal cortical and leptomeningeal CNS involvement, including the left optic nerve. Serial fundus examination/photography and fluorescein angiography showed that despite urgent whole-brain irradiation and systemic chemotherapy, CNS disease progressed to bilateral optic nerve infiltration and quantity of lymphoid tissue in the transplanted organ, intensity of immunosuppression, and human leukocyte antigen disparity all confer risk for PTLD development [6, 8] . In SOT, the incidence of PTLD ranges from 1-20%, with the lowest risk in renal transplant recipients (1.2-9%) [2, 6] .
The lifetime risk for central nervous system (CNS) PTLD is 1-2% for renal transplant patients [9] . Secondary CNS lymphoma refers to CNS localization of the lymphoma, often within the leptomeningeal compartment, with a concomitant systemic lymphoma [10] . Ocular manifestations of CNS lymphoma or leukemized metastases include direct invasion to the orbit, eyelid, uveal tract, and retina [11] . However, direct optic nerve infiltration remains rare [11] [12] [13] [14] . Infiltration of the optic nerve can cause vascular occlusion or compression necrosis to occur, which can lead to severe vision loss [14] . Lymphoproliferative optic nerve involvement is an oncologic emergency, and treatment generally involves prompt irradiation of the orbits and CNS with systemic and/or intrathecal chemotherapy [15, 16] . We describe a 17-year-old male who experienced vision loss in the setting of late-onset PTLD with secondary CNS lymphoma and optic nerve involvement, demonstrated on magnetic resonance imaging (MRI). Serial ophthalmoscopy showed progressive signs of sequential bilateral central retinal artery occlusion (CRAO). Fluorescein angiography (FA) showed complete absence of dye filling the retinal arterial circulation in both eyes.
Case Report
A 17-year-old male was urgently referred to the ophthalmology clinic from the pediatric oncology clinic for headache, photophobia, and 6-h duration of complete, persistent left eye vision loss. The headache began 3 days before and coincided with a transient 10-s loss of vision in the left eye. The patient had a history of renal transplant from an unrelated, living donor 4 years prior to presentation, maintained on tacrolimus and mycophenolic acid, due to end-stage-renal disease from nephronophthisis type 1 without ophthalmic manifestations. He was diagnosed with PTLD 4 months prior to ophthalmology evaluation after abdominal ultrasound, MR enterography, and positron emission tomographycomputed tomography (CT) showed extensive bowel lymphadenopathy and bone marrow involvement. Tissue biopsy and peritoneal fluid cytology confirmed EBV-negative, high-grade B-cell non-Hodgkin lymphoma with a t(8; 14) MYC/IGH fusion, consistent with Burkitt-type lymphoma; a peripheral blood smear reflected extensive bone marrow involvement. The patient was treated with systemic chemotherapy, with the addition of twice weekly intrathecal methotrexate and cytarabine 6 weeks before presenting to the ophthalmology clinic due to cerebrospinal fluid studies consistent with leukemic spread. CT without contrast of the brain performed at that time showed no acute intracranial abnormality.
On ophthalmic examination, visual acuity was 20/30 in the right eye and no light perception (NLP) vision in the left eye, with an amaurotic left afferent pupillary defect. Intraocular pressure, extraocular motility, and the anterior segments were normal. Fundus examination showed bilateral blurred disc margins and hyperemic vessels. The left optic disc and macula appeared white with arterial "boxcarring" and scattered hemorrhages ( Fig. 1 b) . There was concern for lymphoproliferative optic nerve infiltration with associated central artery occlusion; ophthalmic artery occlusion and papilledema from increased intracranial pressure were also considered in the differential diagnosis. The patient was sent for urgent MRI of the brain and orbits, which demonstrated findings concerning for multifocal cortical and leptomeningeal CNS involvement of PTLD in the anteroinferior temporal lobes, parafalcine parietooccipital cortex, pineal gland, bilateral cerebellar hemispheres, and left optic nerve ( Fig. 2 , 3 ) . MRI of the spine demonstrated multifocal osseous involvement of PTLD. The patient was admitted for urgent whole-brain irradiation, 900-cGY over 12 fractions, twice daily, with systemic chemotherapy of cyclophosphamide and vincristine.
Two days later, the patient awoke with NLP vision in the right eye, pupils unreactive to light bilaterally, and increased optic disc edema in the right eye. Five days after initial ophthalmology evaluation, the patient demonstrated significant bilateral elevation of the optic discs with a pale, white, fluffy appearance and completely obscured disc margins, all consistent with lymphoproliferative infiltration of the optic nerves ( Fig. 1 a, b, middle) . The left optic disc had a large nasal hemorrhage, and there was an increased number of left macular hemorrhages. The patient was seen again in our clinic 13 days after initial ophthalmology evaluation, with fundus examination notable for progression of right optic nerve pallor and left retinal and optic disc hemorrhage ( Fig. 1 a, b , bottom). FA was performed, which showed complete lack of fluorescein in the retinal vasculature throughout the entire transit cycle ( Fig. 4 ) . The patient and his family were counseled on his poor visual prognosis, and information on appropriate resources were provided. Oncologic staging was performed with flurodeoxyglucose positron emission tomography-CT, and the patient currently continues treatment with pediatric oncology.
Discussion
Our patient developed sequential, bilateral, CRAO due to lymphoproliferative infiltration of the optic nerves. While there have been case reports of leukemic infiltration of the optic nerve leading to optic disc swelling and vascular occlusion [15 , 17] , we are aware of only 1 other report in which infiltration was associated with sequential, bilateral CRAO [11] . Lin et al. [11] described a 6-year-old male with acute lymphoblastic leukemia who developed CNS relapse while on continuous che- motherapy; despite systemic re-induction and intrathecal chemotherapy with CNS irradiation, he developed CRAO in both eyes and retained NLP vision. Our patient similarly developed optic nerve infiltration while on systemic and intrathecal chemotherapy, and CNS irradiation did not halt progression to the right optic nerve.
While native Burkitt lymphoma [18] has been associated with orbital pathology, our case represents the first PTLD Burkitt-type lymphoma associated with optic nerve infiltration and bilateral CRAO. As in the case of Lin et al. [11] , optic nerve infiltration is classically associated with pediatric acute leukemia, particularly acute lymphocytic leukemia [13 , 19] , and has not been previously described with PTLD. Orbital PTLD [20] and EBVpositive chorioretinal PTLD [21] represent the only other documented PTLD ophthalmic pathologies.
Rosenthal [19] describes 2 distinct clinical patterns of optic nerve head infiltration: primary invasion of the optic nerve head (prelaminar) and primary invasion posterior to the nerve head (retrolaminar). Prelaminar infiltration is associated with a fluffy infiltrate superficial to the lamina cribosa with edema and varying amounts of hemorrhage and visual acuity altered minimally if there is no macular involvement. Retrolaminar infiltration, posterior to the lamina cribosa, is associated with a profound decrease in visual acuity, disc elevation, and edema. Our patient initially presented with retrolaminar infiltration that progressed to a prelaminar infiltration with correlated changes in optic disc appearance and visual acuity.
While we considered papilledema in our initial differential diagnosis, it is critical to differentiate it from optic nerve infiltration, which requires urgent treatment with irradiation and/or chemotherapy to attempt to restore vision. It is likely that papilledema due to meningeal infiltration occurs simultaneously with optic nerve infiltration, so a high degree of suspicion for optic nerve infiltration must be maintained [19] . In our case, MRI showed optic nerve involvement, but lumbar puncture can also allow for differentiation so that proper, timely treatment for either condition can be executed. Urgent CNS irradiation was initiated in our patient; systemic chemotherapy continued to be administered but intrathecal therapy was paused due to concern for CNS toxicity. Though CNS irradiation has been shown to restore visual acuity to baseline or near-baseline in leukemic optic neuropathy [17 , 22] , this was unfortunately not the case in our patient. As our patient had initially developed CRAO in the left eye, visual prognosis of the left eye was already guarded regardless of CNS irradiation; however, there was hope of halting the progression of right optic nerve infiltration and subsequent CRAO development. Within 48 h of initiating CNS irradiation, the patient developed a right CRAO with NLP vision. Serial fundus examination demonstrated the rapid progression of retrolaminar to prelaminar infiltration with macular whitening and foveal "cherry-red spots" ( Fig. 1 ) . FA confirmed a complete lack of retinal vascular circulation ( Fig. 4 ) . This finding occurred despite an almost complete course of CNS irradiation, indicating irreversible retinal ischemia due to occlusion of the retinal vasculature by optic nerve infiltration. Though there remains no consensus on the optimal management of optic nerve infiltration, timely CNS irradiation is generally considered the first-line treatment of choice. The optic nerve is considered a "pharmacologic sanctuary" from intrathecal or systemic cytotoxic drugs alone [13] , but irradiation is thought to synergistically allow the drugs to reach and act on the neoplastic cells within the optic canal.
EBV-negative PTLD Burkitt-type lymphoma has a very poor prognosis and only minimally responds to even highly-aggressive chemotherapy protocols [4] , which offers some explanation to why the patient developed optic nerve infiltration despite ongoing systemic and intrathecal chemotherapy. Rituximab, a B-cell antibody, has been used with success to treat PTLD, but our patient had previously failed a chemotherapy regimen of rituximab, cyclophosphamide, and prednisone, further underscoring the severity of his disease. This aggressiveness has been well-reported [23] . In our patient, a normal CT of the brain performed 6 weeks before initial optic nerve involvement suggests a rather rapid progression of the patient's CNS disease, although CT has a low sensitivity for detection of leptomeningeal disease compared with contrast-enhanced MRI.
We present this case to illustrate the unique presentation of Burkitt-type PTLD infiltration of the optic nerve with sequential, bilateral CRAO. Optic nerve infiltration should be considered not only in patients with acute lymphocytic or lymphoblastic leukemias, but also in patients with PTLD. Vascular occlusion represents a dire complication of leukemic optic nerve infiltration, and urgent irradiation and chemotherapy should be administered to prevent bilateral disease.
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